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Abstract. A modulus of elasticity was determined for eight differently foamed cement paste samples.
Samples were loaded in the laboratory by a hydraulic press. The force acting on the sample was
read directly from the laboratory press. Digital Image Correlation (DIC) analysis were used to draw
deformations. Before loading pressure test was applied a random contrast pattern to the samples.
Samples were captured by the camera in a one-second interval during the loading pressure test. The
images were edited in the Adobe Photoshop Lightroom and then evaluated using Ncorr software. The
result is a vertical and horizontal shift field. On the basis of the results obtained, it was possible to
calculate the modulus of elasticity of each sample.
Keywords: DIC analysis, foamed cement paste, field of displacement, static modulus of elasticity,
dynamic modulus of elasticity.
1. Introduction
There are many different methods to detect deforma-
tion of the sample during the loading pressure test.
The displacement of the crosspiece of the hydraulic
press does not correspond to the deformation of the
sample in the direction of the force. This is due to the
deformation of the exponed parts of the test device.
To measure deformations, it is possible to use some
type of extensometer and place it directly between
the jaws of the press in which the sample is tested
and measure the displacement directly between the
jaws. Thanks to the ever-improving technologies, we
can obtain the entire field of displacement by DIC
analysis by capturing a series of photos during sample
testing and subsequent evaluation. The advantage is
that, compared to the measurement with an exten-
someter, we obtain deformations in all directions on
the measured surface of the sample [1, 2].
DIC analysis is used in many industries, by many
companies, including Airbus, AWE, Stresscraft and
British Energy. It is used, for example, for measuring
the heat dissipation and curvature of electronic com-
ponents, for measuring the 3D shape of the air bags,
for monitoring the components of the power plants to
determine their status and to reduce their emissions,
or for the behavior of building materials during the
loading tests [2].
DIC analysis is an optical method, to get the most
accurate results it is necessary to avoid optical defects.
For each lens, the image is distorted towards the edges.
Depending on the deformation of the square, we dis-
tinguish distortions to barrel distortions, pincushion
distortions, or a combination of both – wave distor-
tions. Lens manufacturers are trying to eliminate
these phenomena with the appropriate lens system.
The lenses are constructed at certain distances where
the distortion occurs least. For this reason, it is nec-
essary to select a suitable lens and capture distance
according to the size of the subject to be sensed [3, 4].
2. Materials and samples
The sample properties were measured at 28 days of
age and the day after manufacture the samples were
removed from formwork and stored freely in a labora-
tory environment at a temperature of 22± 1 ◦C and
a relative humidity of 50± 2%. Test beams of dimen-
sions 40×40×160 mm were made, which were broken
in half during the previous bend test. The reference
mixtures for testing were made of Portland cement
CEM I 42.5R Radotin (RefC), a combination of Port-
land cement and finely ground concrete recyclate in
a ratio of 0.66 : 0.34 (RefR). Fine-grained recycled
concrete was produced by high-speed grinding, from
waste generated from drainage concrete blocks. Sub-
sequently, the reference mixtures were lightened using
foaming additives such as industrial additive from the
Mapei (M) company or the additive used by firefight-
ers (H). The composition of the individual samples
and the bulk density are given in Table 1 [5].
3. Experimental methods
DIC analysis was performed on a total of 10 samples,
on two references and eight differently foamed cement
pastes. Samples were loaded in the laboratory by a
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Sample
Nr.
Desig-
nation
Cement
(C)
Recyclate
(R)
Weight
(C+R)
Water
to mix
cement
putty
(V1)
Water
added
to the
foam
(V2)
Water
(V1+V2) w/c foam
Bulk
density
[g] [g] [g] [g] [ml] [ml] [-] [ml] [kg.m−3]
45 C7.5H 750.0 0.0 750 225 75 300 0.40 3.75 603.83
40 C7.5M 750.0 0.0 750 225 75 300 0.40 3.75 677.84
29 C10H 1000.0 0.0 1000 300 50 350 0.35 2.50 1333.10
21 C10M 1000.0 0.0 1000 300 50 350 0.35 2.50 1394.40
24 R7.5H 487.5 262.5 750 225 75 300 0.40 3.75 1177.08
34 R7.5M 487.5 262.5 750 225 75 300 0.40 3.75 895.14
15 R10H 650.0 350.0 1000 300 50 350 0.35 2.50 1603.99
12 R10M 650.0 350.0 1000 300 50 350 0.35 2.50 1457.30
5 RefC 1000.0 0.0 1000 350 0 350 0.35 0.00 1646.10
9 RefR 650.0 350.0 1000 385 0 385 0.39 0.00 1641.70
Table 1. Composition of the samples and the bulk density [5].
Figure 1. Random pattern on a sample in grayscale.
hydraulic press Heckert model FP100, at a speed of
1 mm per minute. Subsequently, a static modulus of
elasticity was specified. After that, static modulus
of elasticity obtained on the basis of DIC analysis,
static modulus of elasticity obtained on the basis of
the displacement of the hydraulic press and the dy-
namic elastic modulus obtained by the ultrasonic and
resonance method were compared. Nondestructive
resonance method was used to measure dynamic mod-
ules. The Brüel & Kjær measuring set consists of the
Figure 2. Field of vertical displacement from the
Ncorr post software.
Brüel & Kjær type 3560-B-120 measuring switchboard,
the Brüel & Kjær type 4519-003 acceleration sensor,
the Brüel & Kjær type 8206 impact hammer and the
control laptop. Modulus of elasticity obtained from
data from crosspiece of the hydraulic press does not
correspond to the reality, because the deformation of
the test instrument itself is included in the data. Also,
the values of the dynamic modulus of elasticity are
rather inaccurate due to the inappropriateness of the
resonant and ultrasonic method on porous systems.
Dynamic modulus of elasticity should achieve higher
values than static modulus of elasticity, because by
non-destructive methods we get the tangent modulus
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Figure 3. Results of static and dynamic moduli of elasticity.
of elasticity and the secant modulus of elasticity we
get from the loading test [6].
4. Princip of DIC analysis
DIC (Digital Image Correlation) is an optical method
used to measure displacement on the sample surface.
Compares the grayscale values of individual groups
of points called subsets on the surface of the sample
between the pictures taken during the loading test. It
is necessary to have a sufficiently contrasting random
pattern on the surface of the sample. Some materials
have this pattern naturally. For other samples, the
pattern should be applied appropriately. The software
compares shades of gray and their displacement be-
tween individual photos (Figure 1). The result is the
field of displacement between the reference and each
picture. The reference picture is usually taken before
the start of the test [7, 8].
5. Advantages of DIC analysis
DIC analysis is a cost-effective optic method that can
be used in laboratory and outdoor environment. It is
used to inspect large important structures (bridges,
industrial buildings, power plants) that degrade due
to external influences. The capture of large objects
can be done directly from the air using drones thanks
to advanced technologies. This solution is relatively
simple, accurate and financially advantageous [1, 2].
During the measurements in the laboratory, we
obtain a field of displacement in the horizontal and
vertical directions. We can also measure cracks oc-
curring. During the loading tests, the exact course
of cracks can be determined by DIC analysis, even
those that are not observable by the naked eye. These
data are very beneficial for the presumption of the
durability of the tested material [2].
6. Sample measurement
DIC analysis was used on foamed cement paste sam-
ples. Half of cement paste beams were tested according
to CSN EN 12390-3 Test of hardened concrete - Part 3:
Compressive strength of test samples [9]. A random
contrast pattern of black and white spray was applied
to the samples. During the testing, images were taken
with Canon EOS 70D on a tripod from a distance of
approximately 300millimeters. The images were taken
in a one-second sequence during loading. For each
sample, 50− 100 photos were taken. The photos were
edited in Adobe Lightroom for higher contrast, and
then the DIC analysis was performed in Ncorr version
1.2.1. The results were scaled and the virtual exten-
someter was placed in the field of displacement in the
ncor_post software (Figure 2). The results of the in-
dividual displacement were assigned to the respective
forces using the extractForces software. Subsequently,
a static modulus of elasticity in Microsoft Excel was
calculated from the results.
7. Results and discussions
Samples Ref C and Ref R were references. The other
eight samples were differently foamed. Samples
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C 7.5 H, C 7.5 M, and R 7.5 M were foamed too
much therefore it was not possible to measure the dy-
namic modulus of elasticity by the resonance method
because it was not possible to capture the response
from the impact hammer. The results of the other
modulus of elasticity in these three samples, because
of their high foaming, are not very accurate. In the
case of the compression test, these three samples were
observed (especially for samples C 7.5 H and C 7.5 M),
as the material collapsed successively on the floors.
It was not about the flexible behavior that is assumed
to acquire the modulus of elasticity. Therefore, the
results of the measurements of these samples should
be considered inaccurate, and due to their poor me-
chanical properties, do not use this highly foaming
cement paste for practical use in the building industry.
The static modulus of elasticity for all samples ob-
tained from the displacement of the hydraulic press
crosspiece are very low. This is due to the deforma-
tion of the test rig itself together with the sample
deformation. For this reason, it makes no sense to
further consider the static modulus of elasticity thus
obtained.
Measurement of C 10 M, R 10 H and R 10 M
samples were expected, static moduli of elasticity are
slightly less than dynamic. For samples R 7.5 H,
Ref C, and Ref R, the static moduli of elasticity are
approximately half that of the dynamic moduli of
elasticity. On the other hand, the static modulus
of elasticity is higher than the dynamic for C 10 H
sample (Figure 3). This is due to the inaccuracy of
measuring the dynamic modulus of elasticity because
of the inappropriateness of the resonant and ultrasonic
method on porous systems.
8. Conclusion
For this type of samples, the most accurate method
is DIC analysis. Measurement by ultrasonic method
or resonance method is not accurate in porous sys-
tems. Measurement of deformation directly from the
hydraulic device is very inaccurate as it involves de-
formation of the hydraulic device itself.
The results show that the less or no foamed samples
without recyclate have a higher modulus of elasticity
than samples with recyclate, but with more foamed
samples, it is the opposite. Furthermore, it is no-
ticeable that the less foamed samples with a foaming
additive used by firefighters have a higher modulus
of elasticity than samples with a foaming additive for
industrial use, but with more foamed samples, this is
the opposite.
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